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DIFFUSER GRAVITY SUPPORT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of U.S. patent application 
Ser. No. 1 1/188,922, filed Jul. 25, 2005, now U.S. Pat. No. 
7,429,410, which claims benefit of U.S. Provisional Applica 
tion No. 60/611.512, filed Sep. 20, 2004, and U.S. Provisional 
Application No. 60/653,617, filed Feb. 16, 2005, each of the 
aforementioned applications are incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Embodiments of the present invention generally relate to 

Supplying a gas or gases to a plasma chamber. More specifi 
cally, the invention relates to supporting a gas distribution 
plate within the chamber. 

2. Description of the Related Art 
Flat panel displays employ an active matrix of electronic 

devices, such as insulators, conductors, and thin film transis 
tors (TFTs) to produce flat screens used in a variety of 
devices such as television monitors, personal digital assis 
tants (PDAs), and computer screens. Generally, these flat 
panel displays are made of two thin panels of glass, a poly 
meric material, or other suitable substrate material. Layers of 
a liquid crystal material or a matrix of metallic contacts, a 
semiconductor active layer, and a dielectric layer are depos 
ited through sequential steps and sandwiched between the 
two thin panels which are coupled together to form a large 
area Substrate having at least one flat panel display located 
thereon. At least one of the panels will include a conductive 
film that will be coupled to a power supply which will change 
the orientation of the crystal material and create a patterned 
display on the screen face. 

These processes typically require the large area Substrate to 
undergo a plurality of sequential processing steps that deposit 
the active matrix material on the substrate. Chemical vapor 
deposition (CVD) and plasma enhanced chemical vapor 
deposition (PECVD) are some of the well known processes 
for this deposition. These known processes require the large 
area substrate be subjected to temperatures on the order of 
300° C. to 400° C. or higher, and maintained in a fixed 
position relative to a gas distribution plate, or diffuser, during 
deposition to ensure uniformity in the deposited layers. The 
diffuser generally defines an area that is equal to or greater 
than the area of the substrate. If the diffuser is somehow 
warped during deposition, the process may not produce uni 
form deposition, which may result in an unusable flat panel 
display. 

Flat panel displays have increased dramatically in size over 
recent years due to market acceptance of this technology. 
Previous generation large area Substrates had sizes of about 
500 mm by 650 mm and have increased in size to about 1800 
mm by about 2200 mm or larger. This increase in size has 
brought an increase in diffuser size so that the Substrate may 
be processed completely. The larger diffuser size has pre 
sented new challenges to design a diffuser that will resist Sag 
when exposed to high temperatures during deposition. 

The diffuser is generally a plate Supported in a spaced-apart 
relation above the large area substrate with a plurality of 
openings adapted to disperse a process gas or gases and 
typically has substantially the same area as the to-be-pro 
cessed Substrate. Diffusers are commonly made of aluminum 
and are subject to expansion and contraction while enduring 
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2 
the CVD or PECVD processes and are commonly supported 
around the edges to control spacing between the diffuser and 
the Substrate. However, this edge Support scheme does not 
provide any Support for the center portion, which can tend to 
sag or creep over time, due to the forces of gravity aggravated 
by high processing temperatures during the CVD or PECVD 
processes. 

SUMMARY OF THE INVENTION 

Embodiments of the invention generally relate to a method 
and apparatus for Supporting a gas distribution plate, or dif 
fuser, in a plasma chamber. In one embodiment, the diffuser is 
Suspended by at least one interior or centrally located Support 
member coupled to the gas distribution plate and a wall of the 
chamber. The embodiments are advantageous to avoid distor 
tion of the diffuser in response to gravitational, and thermal or 
pressure induced forces acting on the diffuser while enduring 
the high temperatures created during plasma-enhanced 
chemical vapor deposition. The at least one Support member 
is coupled between the diffuser and backing plate within the 
chamber and is capable of adjusting the planar orientation of 
the diffuser. The at least one support member is configured to 
adjust the diffuser profile pre or post evacuation of the cham 
ber. In another embodiment, the at least one Support member 
facilitates adjustment of the diffuser profile by adjustment of 
a plurality of Screws coupled to the at least one Support 
member. The gravitational Support may be attached to the 
diffuser without compromising flow of the gas or gases 
through the diffuser. 

In one embodiment, the at least one Support member is a 
gravitational Support. The gravitational Support includes a 
gas inlet and provides gas flow from the gas inlet to a plurality 
of orifices in the diffuser plate while also providing vertical 
Support to the diffuser. The gravitational Support is also 
capable of disengagement from the diffuser via a mating 
mechanism. In another embodiment, an orifice ring is con 
figured to couple to the gravitational Support and provide a 
gas flow adjustment aspect to the diffuser. 

In another embodiment, a gas distribution plate is Sup 
ported in a chamber by a first plate within the chamber, the 
first plate having a center area with at least one aperture 
formed therethrough. Below the first plate is a second plate, 
Such as a gas distribution plate, that has at least one mating 
portion which vertically aligns with the at least one aperture 
in the first plate. At least one threaded Support is adapted to 
engage the at least one mating portion, thereby Supporting the 
gas distribution plate from a center area of the gas distribution 
plate. The at least one threaded support is coupled between 
the diffuser and backing plate. The backing plate is relatively 
thicker in cross-section than the diffuser, thus providing a 
substantially static support. The diffuser is more malleable 
relative the backing plate due to relative thickness and the 
perforations in the diffuser, which allows adjustment of the 
diffuser profile by adjustment of the at least one threaded 
Support. 

In another embodiment, a method of modifying the hori 
Zontal profile of a diffuser within a plasma chamber is 
described. The method comprises Supporting a diffuser hav 
ing a mating mechanism in a center area of the diffuser, 
engaging a Support member to the mating portion, and adjust 
ing the support member to modify the planarity of the dif 
fuser. In one aspect, the method allows adjustment to be made 
before or after vacuum has been applied to the chamber. In 
one embodiment, the adjusting comprises modifying the 



US 8,075,690 B2 
3 

horizontal profile of the diffuser to have at least one of a 
planar horizontal profile, a concave horizontal profile, or a 
convex horizontal profile. 

In another embodiment, the at least one Support member is 
a pivotal Support. The pivotal Support includes a ball stud 
detachably coupled to an upper pivotal member. The upper 
pivotal member is coupled to a backing plate within the cham 
ber and the ball stud is adapted to detachably couple to the 
diffuser. The ball stud has a threaded portion that extends 
through the upper pivotal member and provides adjustment to 
the horizontal profile of the diffuser by at least one nut 
coupled to the threaded portion. 

In another embodiment, a method of depositing a thin film 
on a substrate is described. The method comprises the steps of 
placing a substrate on a Substrate Support in a process cham 
ber below a gas distribution plate, the gas distribution plate 
having a horizontal profile that is adjustable, flowing a pro 
cess gas through a plurality of openings disposed in the gas 
distribution plate, forming a plasma between the gas distri 
bution plate and the Substrate, and depositing a thin film on 
the substrate. The method may further comprise heating the 
process chamber to a temperature of about 350° C. to about 
450° C. In one embodiment, the horizontal profile of the gas 
distribution plate exhibits a concave shape. In another 
embodiment, the thin film is amorphous silicon. In another 
embodiment, the horizontal profile is adjusted using at least 
one Support member and in another embodiment, a plurality 
of Support members are used to adjust the horizontal profile. 

In another embodiment, a method of adjusting the horizon 
tal profile of a gas distribution plate is described comprising 
the steps of providing a gas distribution plate having a planar 
perimeter and center area, adjusting at least one support mem 
ber coupled to the center area, and forming a horizontal 
profile in the center area that is at least one of planar, concave, 
or convex relative to the planar perimeter. In one embodi 
ment, the adjusting is performed under vacuum conditions. 

In another embodiment, a method of adjusting the horizon 
tal profile of a gas distribution plate is described comprising 
the steps of providing a process chamber having a gas distri 
bution plate between a backing plate and a Substrate Support, 
gauging the distance between the Substrate Support and the 
gas distribution plate, adjusting at least one Support member 
coupled to the gas distribution plate and the backing plate, and 
forming a horizontal profile of the gas distribution plate that is 
at least one of planar, concave, or convex relative to the 
Substrate Support. In one embodiment, the adjusting com 
prises rotating the at least one Support member. In another 
embodiment, the adjustment may be performed while the 
process chamber is under vacuum. In another embodiment, 
the at least one Support member is adapted to provide a 
process gas to the gas distribution plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited features of 
the present invention can be understood in detail, a more 
particular description of the invention, briefly summarized 
above, may be had by reference to embodiments, some of 
which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 

FIG. 1 is a side view of a plasma chamber. 
FIG. 2 is a top view of one embodiment of a chamber cover. 
FIG. 3 is a top view of another embodiment of a chamber 
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4 
FIG. 4 is a detail view of one embodiment of a diffuser 

gravitational Support. 
FIG. 5 is an exploded detail view of the diffuser gravita 

tional support of FIG. 4. 
FIG. 6A is a detailed top view of the gas block adjustment 

and one embodiment of a mating mechanism. 
FIG. 6B is a detail view of one aspect of a mating mecha 

nism. 
FIG. 6C is a detail view of other aspects of a mating 

mechanism. 
FIG. 7 is a schematic view of another embodiment of a 

diffuser gravitational Support. 
FIG. 8 is a partial schematic view of another embodiment 

of a diffuser gravitational Support. 
FIG. 9A is a top view of an orifice ring. 
FIG.9B is a side view of an orifice ring. 
FIG. 10A is a partial schematic view of another embodi 

ment of a diffuser gravitational Support incorporating an ori 
fice ring. 

FIG. 10B is a partial schematic view of another embodi 
ment of a diffuser gravitational Support incorporating an ori 
fice ring. 

FIG. 11A is a top view of one embodiment of a backing 
plate. 
FIG.11B is a top view of another embodiment of a backing 

plate. 
FIG. 12 is partial schematic view of another embodiment 

of a diffuser gravitational Support. 
FIG. 13 is one embodiment of a pivotal support. 
FIG. 14 is a detail view of the diffuser coupled to a pivotal 

Support. 
FIG. 15 is a detail view of a pivotal support coupled to a 

backing plate. 
FIG. 16 is a detail view of a pivotal support 1300 coupled 

to a diffuser. 
FIG. 17A is a top view of one embodiment of a backing 

plate having a plurality of pivotal Supports coupled thereto. 
FIG.17B is a top view of another embodiment of a backing 

plate having a plurality of pivotal Supports. 
FIG.17C is a top view of another embodiment of a backing 

plate having a plurality of pivotal Supports and a plurality of 
threaded Supports. 

FIG. 18A is a cross sectional view of a diffuser having a 
concave horizontal profile. 

FIG. 18B is a cross sectional view of a diffuser having a 
convex horizontal profile. 

DETAILED DESCRIPTION 

Embodiments of the present invention generally provide an 
apparatus and method for Supporting a gas distribution plate 
in a processing chamber. In one embodiment, at least one 
Support member is configured to Support the gas distribution 
plate and facilitates resistance to center sag or bowing caused 
by gravitational forces and high processing temperatures, 
thereby maintaining a desired horizontal profile in the gas 
distribution plate. The desired horizontal profile may be at 
least one of a level horizontal profile, a convex horizontal 
profile, or a concave horizontal profile. The horizontal profile 
or orientation of a gas distribution plate or diffuser as used 
herein refers to a cross section of the gas distribution plate as 
shown in the applicable Figures. In all embodiments, the gas 
distribution plate has at least one Support member coupled to 
a center area of the gas distribution plate, wherein, by adjust 
ing the at least one Support member, the center area is adjust 
able to present a gas distribution plate with a horizontal pro 
file that is at least one of planar, concave, or convex. To 
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prevent confusion, common reference numerals referring to 
similar elements in the Figures are duplicated, where pos 
sible. 

FIG. 1 is a side view of a chamber 100 that is suitable for 
chemical vapor deposition (CVD) or plasma enhanced 
chemical vapor deposition (PECVD) processes for fabricat 
ing the circuitry of a flat panel display on a large area glass, 
polymer, or other suitable substrate. The chamber 100 is 
configured to form structures and devices on a large area 
substrate for use in the fabrication of liquid crystal displays 
(LCD’s) or flat panel displays, or photovoltaic cells for solar 
cell arrays. The structures may be a plurality of back channel 
etch inverted Staggered (bottom gate) thin film transistors 
which may comprise a plurality of sequential deposition and 
masking steps. Other structures may include p-n junctions to 
form diodes for photovoltaic cells. 
The chamber 100 is configured to deposit a variety of 

materials on a large area Substrate that includes conductive 
materials (e.g., ITO, ZnO, W. Al, Cu, Ag, Au, Ru or alloys 
thereof), dielectric materials (e.g., SiO, SiO, N, Hfo. 
HfSiO, ZrO, ZrSiO, TiO, Ta-Os, Al-O, derivatives 
thereof or combinations thereof), semiconductive materials 
(e.g., Si, Ge. SiGe, dopants thereof or derivatives thereof), 
barrier materials (e.g., SiN. SiO, N, Ti, TiN, TiSiN. Ta, 
TaN. TaSiN, or derivatives thereof) and adhesion/seed 
materials (e.g., Cu, Al. W. Ti, Ta, Ag, Au, Ru, alloys thereof 
and combinations thereof). Metal-containing compounds that 
may be deposited by the chamber 100 include metals, metal 
oxides, metal nitrides, metal silicides, or combinations 
thereof. For example, metal-containing compounds include 
tungsten, copper, aluminum, silver, gold, chromium, cad 
mium, tellurium, molybdenum, indium, tin, zinc, tantalum, 
titanium, hafnium, ruthenium, alloys thereof, or combina 
tions thereof. Specific examples of conductive metal-contain 
ing compounds that are formed or deposited by the chamber 
100 onto the large area Substrates, such as gate electrodes and 
other conductive layers, include indium tin oxide, Zinc oxide, 
tungsten, copper, aluminum, silver, derivatives thereof or 
combinations thereof. The chamber 100 is also configured to 
deposit dielectric materials and semiconductive materials in a 
polycrystalline, amorphous or epitaxial state. For example, 
dielectric materials and semiconductive materials may 
include silicon, germanium, carbon, oxides thereof, nitrides 
thereof, dopants thereof or combinations thereof. Specific 
examples of dielectric materials and semiconductive materi 
als that are formed or deposited by the chamber 100 onto the 
large area Substrates may include epitaxial silicon, polycrys 
talline silicon, amorphous silicon, silicon germanium, germa 
nium, silicon dioxide, silicon oxynitride, silicon nitride, 
dopants thereof (e.g., B, Por As), derivatives thereof or com 
binations thereof. The chamber 100 is also configured to 
receive gases such as argon, hydrogen, nitrogen, helium, or 
combinations thereof, for use as a purge gas or a carrier gas 
(e.g., Ar., H. N. He, derivatives thereof, or combinations 
thereof). One example of depositing amorphous silicon thin 
films on a large area substrate using the chamber 100 may be 
accomplished by using silane as the precursor gas in a hydro 
gen carrier gas. 

Examples of various devices and methods of depositing 
thin films on a large area substrate using the chamber 100 may 
be found in U.S. patent application Ser. No. 11/173,210, filed 
Jul. 1, 2005, entitled, “Plasma Uniformity Control By Gas 
Diffuser Curvature,” which is incorporated by reference 
herein to the extent the application is not inconsistent with 
this specification. Other examples of various devices that may 
beformed using the chamber 100 may be found in U.S. patent 
application Ser. No. 10/889,683, filed Jul. 12, 2004, entitled 
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6 
“Plasma Uniformity Control by Gas Diffuser Hole Design.” 
and in U.S. patent application Ser. No. 10/829,016, filed Apr. 
20, 2004, entitled “Controlling the Properties and Uniformity 
of a Silicon Nitride Film by Controlling the Film Forming 
Precursors, both applications are incorporated by reference 
herein to the extent the applications are not inconsistent with 
this specification. 
The chamber 100 consists of a chamber sidewall 10, a 

bottom 11, a Substrate Support 12, Such as a Susceptor, which 
supports a large area substrate 14. The chamber 100 also has 
a port 6. Such as a slit valve, that facilitates transfer of the large 
area Substrate by selectively opening and closing. The cham 
ber 100 also includes a lid having an exhaust channel 18 
Surrounding a gas inlet manifold that consists of a cover plate 
16, a first plate, such as a backing plate 28, and a second plate, 
such as a gas distribution plate, for example, a diffuser 20. The 
diffuser 20 may be any substantially planar solid that is 
adapted to provide a plurality of passages for a process gas or 
gases from a gas source 5 coupled to the chamber 100. The 
diffuser 20 is positioned above the substrate 14 and sus 
pended vertically by at least one support member, which in 
this embodiment is a diffuser gravitational support 15. In this 
embodiment, the diffuser 20 is also supported from an upper 
lip 55 of the exhaust channel 18 by a flexible suspension 57. 
A flexible suspension is disclosed in detail by U.S. Pat. No. 
6,477,980, which issued Nov. 12, 2002 with the title “Flex 
ibly Suspended Gas Distribution Manifold for A Plasma 
Chamber and is incorporated by reference herein to the 
extent the reference is not inconsistent with this specification. 
The flexible suspension 57 is adapted to support the diffuser 
20 from its edges and to allow expansion and contraction of 
the diffuser 20. Other edge suspensions of the diffuser20 may 
be used with the diffuser gravitational support 15, and the 
diffuser support 15 may be used without edge suspension. For 
example, the diffuser 20 may be supported at its perimeter 
with Supports that are not flexible, or may be unsupported at 
the edge. The diffuser gravitational support 15 may be 
coupled to the gas source 5 which supplies a process gas to a 
gas block 17 mounted on the support 15. The gas block 17 is 
in communication with the diffuser 20 via alongitudinal bore 
19, within the Support 15, and Supplies a process gas to a 
plurality of orifices 22 within the diffuser 20. An example of 
a diffuser that may be used in the chamber 100 is described in 
U.S. patent application Ser. No. 11/173,210, filed Jul. 1, 2005, 
entitled, “Plasma Uniformity Control By Gas Diffuser Cur 
vature,” which has been previously incorporated by refer 
CCC. 

The diffuser gravitational support 15 is a substantially 
symmetrical body that is coupled to the backing plate 28. The 
backing plate 28 is a Substantially planar plate having a Suit 
able bore through in a center area for receiving the diffuser 
gravitational Support 15, and is Supported on its perimeter by 
the exhaust channel 18. The backing plate 28 is sealed on its 
perimeter by suitable O-rings 45 and 46 at points where the 
plate 28 and the exhaust channel 18 join, which protect the 
interior of chamber 100 from ambient environment and pre 
vent escape of process gases. The diffuser gravitational Sup 
port 15 extends upwardly from the backing plate 28, through 
a suitable bore in the cover 16. In this embodiment, the 
gravitational support 15, with the diffuser 20 attached, is 
adapted to remain Substantially static in its position above the 
large area substrate 14 and substrate support 12, while the 
substrate support 12 is adapted to raise and lower the substrate 
14 to and from a transfer and processing position. 

In operation, process gases are flowed from the gas source 
5 while the chamber 100 has been pumped down to a suitable 
pressure by a vacuum pump 29. One or more process gases 
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travel through the gas block 17, through the longitudinal bore 
19, through angled bores 19a, and are deposited in a large 
plenum 21 created between backing plate 28 and diffuser 20, 
and a small plenum 23 within the diffuser 20. The one or more 
process gases then travel from the large plenum 21 and the 
small plenum 23 through the plurality of orifices 22 within the 
diffuser 20 to create a processing region 80 in an area below 
the diffuser 20. In operation, the large area substrate 14 is 
raised to this processing region 80 and the plasma excited gas 
or gases are deposited thereon to form structures on the large 
area Substrate 14. A plasma may be formed in the processing 
region 80 by a plasma source 24 coupled to the chamber 100. 
The plasma Source 24 may be a direct current power source, 
a radio frequency (RF) power Source, or a remote plasma 
source. The RF power source may be inductively or capaci 
tively coupled to the chamber 100. A plasma may also be 
formed in the chamber 100 by other means, such as a ther 
mally induced plasma. Although the plasma source 24 is 
shown coupled to the gravitational support 15 in this embodi 
ment, the plasma source 24 may be coupled to other portions 
of the chamber 100. 
The diffuser 20 is made of or coated with an electrically 

conductive material and is coupled to the plasma Source 24 so 
that it may function as an electrode within the chamber 100 
and the Substrate Support 12 may be connected to a ground 25 
so it may function as an electrode in the chamber 100 as well. 
The materials chosen for the diffuser 20 may include steel, 
titanium, aluminum, or combinations thereofand the Surfaces 
may be polished or anodized. The Substrate Support may 
further beheated by an integral heater, Such as heating coils or 
a resistive heater coupled to or disposed within the substrate 
support 12. The diffuser 20 may be made of one or more 
pieces joined together and adapted to deliver a process gas 
and is electrically insulated from the chamber exhaust chan 
nel 18 and the wall 10 by dielectric spacers 34,35, 37,38, and 
41. 

FIG. 2 is a top view of the chamber cover 16 showing the 
relative placement of the diffuser gravitational support 15, 
located in a center area 210 of the cover 16. The center area 
210 is defined herein as any location within the perimeter of 
the cover 16, the backing plate 28, and the diffuser 20 that 
may provide a support point for the diffuser 20, or may alter 
the horizontal profile of the diffuser 20. Also shown is the 
longitudinal bore 19, through the gas block 17, surrounded by 
an annular collar 53. The diffuser gravitational support 15 
may also be used solely as a diffuser Support in the center area 
210 of the cover 16 and a gas or gases may be Supplied to the 
diffuser 20 at other locations of the chamber 100. A diffuser 
20 and backing plate 28, which are not shown in this view, are 
typically located below the cover 16. The diffuser 20 and 
backing plate 28 have dimensions substantially equal to the 
dimensions of the cover 16. The diffuser 20 and backing plate 
28 have corresponding center areas 210 that may allow any of 
the elements depicted in this Figure to mate with the diffuser 
20 and backing plate 28. Additionally, the elements depicted 
in this Figure may mate with or extend through the backing 
plate 28. 

FIG.3 is a top view of another embodiment of the chamber 
cover 16 showing an alternative location of the diffuser gravi 
tational support 15 within the center area 210. As in FIG. 2, a 
diffuser 20 and backing plate 28 are not shown in this view, 
but are typically located below the cover 16. The diffuser 20 
and backing plate 28 have dimensions Substantially equal to 
the dimensions of the cover 16. The diffuser 20 and backing 
plate 28 have corresponding center areas 210 that may allow 
any of the elements depicted in this Figure to mate with the 
diffuser 20 and backing plate 28. Additionally, the elements 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
depicted in this Figure may mate with or extend through the 
backing plate 28. The diffuser gravitational support 15 is 
shown off-center in the cover 16 but still within the center area 
210. The center area 210 may be any centrally located area of 
the cover 16 (and corresponding locations in the backing plate 
and diffuser) that is determined as a support point for the 
diffuser 20. A gas passage 300 is shown on the cover 16 as an 
alternative to a process gas being provided to the diffuser by 
the diffuser gravitational support 15. 

FIG. 4 is a detailed side view of the diffuser support show 
ing a diffuser20 Supported by a diffuser gravitational Support 
15, comprising a longitudinal support block 50, surrounded 
by a symmetrical support seat 51, suitably connected to the 
backing plate 28. The longitudinal support block 50 is made 
of a material that is chosen for its strength and resistance to 
process chemistry and is adapted to mate with and be Sup 
ported by the symmetrical support seat 51. Materials for the 
longitudinal support block 50 may include steel, titanium, 
aluminum, or combinations thereof. 

FIG. 5 is an exploded detail view of the diffuser gravita 
tional support 15 having a longitudinal support block 50 
disposed in the symmetrical support seat 51. The seat 51 is 
disposed through a suitable bore in the backing plate 28 and 
connected by a weld 52 or other method known in the art. The 
support block 50 is sealed by appropriate O-rings 4 and 8 
disposed against the inner wall of the support seat 51. The 
outer diameter of upper portion 56 of support block 50 is less 
than or equal to the inside diameter of upper area Surface 66. 
Appropriate grooves are disposed in the outer diameter of 
upper portion 56 to seat the O-rings 4 and 8. These O-rings 4, 
8 are configured to prohibit ambient atmosphere from enter 
ing the interior of chamber 100 and to prevent a process gas or 
gases from escaping the chamber 100, thereby sealing the 
chamber 100. The longitudinal support block 50 extends 
upward through a suitable bore in the cover 16 as seen in 
FIGS. 2 and 3. The cover 16 supports an annular collar 53 that 
is in Sealing communication with the cover 16 and the sym 
metrical support seat 51. A plurality of screws 1 and 3 bind the 
support block 50 to the support seat 51, and will be described 
in detail below. 

Referring to FIGS. 5 and 6A, a plurality of screws 1, 3 are 
shown in a top view of the longitudinal support block 50, that 
serve to support and bind the support block 50, which is 
coupled to the diffuser 20, to the support seat 51. The longi 
tudinal support block 50 has a symmetrical flange portion 57 
that has a diameter greater than a center portion 58 of the 
support block 50. The flange portion 57 operates as a stop or 
limit for the gravitational support 15 by prohibiting vertical 
movement when contact is made between the flange 57 and 
the support seat 51. The flange portion 57 also serves as an 
adjustment mechanism by offering a mating connection for 
the plurality of jacking screws 1 via appropriate female 
threading in select locations in the flange 57. A separate 
plurality of appropriately spaced bores in the flange 57 pro 
vide mechanical communication for a plurality of locking 
screws 3 that are adapted to be in mechanical communication 
with appropriately threaded holes disposed in the upper area 
66 of the seat 51. Although four jacking screws 1, and four 
locking screws 3, are shown, the invention is not limited to 
these numbers and may use any number to provide desired 
adjustment and support to the diffuser 20. The gravitational 
support 15 is coupled between the diffuser 20 and backing 
plate 28. The backing plate 28 is relatively thicker in cross 
section than the diffuser 20, thus providing a substantially 
static support point. The diffuser 20 is typically more mal 
leable relative the backing plate 28 due to relative thickness 
and the perforations in the diffuser 20. This relative mallea 
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bility allows adjustment of the diffuser profile by adjusting 
the flange portion 57 of the gravitational support. 

In operation, the longitudinal support block 50 is inserted 
into the symmetrical support seat 51, and the diffuser 20 is 
connected to the support block 50 via a mating connection 60 
which will be described in detail below. At this point, the 
diffuser is suspended by the diffuser gravitational support 15, 
and flexible suspensions 57 (described in FIG. 1). The dif 
fuser gravitational support 15 is then adjusted vertically via 
the plurality of jacking screws 1, allowing the diffuser20 to be 
manipulated to present a desired horizontal profile that may 
be at least one of planar, concave, or convex. In one embodi 
ment, the desired horizontal profile of the diffuser 20 is dif 
ferent than the horizontal profile of the substrate support 12. 
In another embodiment, the desired horizontal profile is simi 
lar to the horizontal profile of a substrate support 12. If the 
Substrate Support 12 is warped or somehow higher in the 
center than the perimeter (or vice-versa), the diffuser 20 may 
be adjusted to substantially match the horizontal profile of the 
Substrate Support 12, thereby providing a processing region 
80 between the substrate 14 and the diffuser 20 that is sub 
stantially equal at any point. Alternatively, the diffuser 20 
may be adjusted to a horizontal profile determined by the user 
or process that is different than the horizontal profile of the 
substrate support 12 and the processing region 80 between the 
diffuser20 and the substrate 14 may not be equal at any point. 
Alternatively, the horizontal profile of the diffuser 20 may be 
chosen regardless of the horizontal profile of the substrate 
Support 12. 

If the diffuser 20 sags in any portion of the center area and 
a planar horizontal profile is desired in the profile of the 
diffuser20, the jacking screws 1, which are in communication 
with upper area 66 of support seat 51, may be adjusted accord 
ingly to raise the center portion of diffuser 20, relieving the 
diffuser 20 of any center sag caused by gravity or vacuum. If 
the desired horizontal profile of the diffuser 20 is a convex 
horizontal profile, the diffuser 20 may be adjusted accord 
ingly by the jacking screws 1, in order to raise the center 
portion of the diffuser 20, as needed. If the desired horizontal 
profile of the diffuser 20 is a concave horizontal profile, the 
jacking screws 1 are raised by appropriate rotation and a 
plurality of locking screws 3, disposed in suitable threaded 
holes in the Support seat 51, are appropriately rotated against 
the flange 57 to translate a compressive effect upon the dif 
fuser 20 and forces or enables the center portion of the dif 
fuser 20 to a lower position, thus producing a concave hori 
Zontal profile in the diffuser 20. Alternatively, the diffuser 20 
may need no vertical adjustment and the locking screws 3 
may be adjusted to lock the diffuser at that position. 
Once the desired orientation of the diffuser 20 is adjusted 

and the diffuser 20 exhibits a desired horizontal profile, a 
locking or jam nut 2 is appropriately rotated to lock the 
jacking screw 1, thereby preventing Subsequent movement of 
the jacking screw 1 which may translate to the diffuser 20. 
The plurality of locking screws 3 are then appropriately tight 
ened to prevent any Subsequent movement of any part asso 
ciated with the gravitational support 15. If a concave orien 
tation is desired in the diffuser 20, as described above, the 
jacking screws 1 may be appropriately rotated to tighten, and 
the jam nuts 2 are employed to prevent Subsequent movement 
of any part associated with the gravitational Support 15. In 
other words, when a concave orientation in the diffuser 20 is 
preferred, the locking screws 3 act as the adjustment, while 
the jacking screws 1 and the respective jam nuts 2 operate as 
the locking mechanism. 

While the foregoing process has been described in ambient 
environment, any adjustments made to the horizontal profile 
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of the diffuser 20, via the process disclosed, may be done after 
vacuum has been applied to the chamber 100 in order to adjust 
the diffuser20 to compensate for any pressure induced defor 
mations in the Substrate Support 12, the backing plate 28, or 
the diffuser 20. Any pressure induced changes may be deter 
mined and the desired horizontal profile of the diffuser 20 
may be created. All openings in the chamber 100 that are not 
used for vacuum purposes may be sealed during this process 
and the O-rings 4 and 8 are adapted to provide a suitable seal 
while permitting movement of the longitudinal Support block 
50. Whether in ambient environment or under vacuum, 
adjustment parameters and relative distances between the 
substrate support 12 and the diffuser 20 may be determined by 
personnel using measurement devices, such as at least one 
gauge, when adjusting the horizontal profile of the diffuser. 

FIGS. 5 and 6B-6C show one embodiment of a mating 
connection 60, which is depicted here as a slot and key con 
figuration. The longitudinal support block 50 is connected to 
the diffuser 20 at a position below and adjacent the backing 
plate 28 by themating connection 60. In one embodiment, the 
diffuser 20 is manufactured or altered to include a female 
connector 31, Such as a plurality of symmetrical slots, while 
the support block 50 is manufactured to include a male con 
nector 32, such as a plurality of symmetrical keys. The female 
connectors 31 are contained in the diffuser 20 and the male 
connectors 32 are incorporated in the support block 50. While 
four female connectors 31 and four male connectors 32 are 
shown in these exemplary Figures, it is contemplated that 
more or less may be used. Alternatively, the male connectors 
32 may be a threaded member adapted to mate with appro 
priate female threads within the diffuser 20, thereby creating 
a mating connection 60 via a threaded connection. 

FIG. 6B shows a top view of the mating connection 60 
illustrating view B-B of FIG.5. Shown is the lower portion 59 
of the longitudinal support block 50 detailing the longitudinal 
bore 19 and angled bores 19a, with a plurality of male con 
nectors 32 in an area between the angled bores 19a. The 
diffuser 20 is shown with orifices 22, a plurality of extended 
portions 61 adapted to Support the male connectors 32, and a 
plurality of cut-out sections 62 configured to allow the male 
connectors 32 therethrough. 

Referring to FIG. 5, the male connectors 32, measured 
diametrically, have an outer diameter Smaller than the outside 
diameter of the flange 57, and have an outer diameter equal to 
or less than an inner diameter of the shoulder area 65 of the 
support seat 51. The upper area surface 66 of the support seat 
51 has an inner diameter greater than the inner diameter than 
the shoulder area 65. The lowerportion 59 of support block 50 
has an outer diameter less than the outer diameter of the male 
connectors 32 and an outer diameter less than the center 
portion 58. The upper portion 56 of the support block 50 has 
an outside diameter less than the flange 57 and an outside 
diameter greater than the center portion 58. This diametrical 
scheme allows the support block 50 to provide two mechani 
cal stops: one at the shoulder area 65 of the support seat 51, 
the other at an area below flange 57 and upper area 66 of the 
support seat 51. 
The mating connection 60 depicted in FIG. 6B is seen in an 

unlocked position to show the relative position of angled 
bores 19a. Prior to the adjustment and locking down proce 
dure detailed earlier, the support block 50 is inserted into the 
support seat 51 and male connectors 32 are inserted into the 
cut-out sections 62 in the areas between the extended portions 
61, which are part of the diffuser 20. The support block 50 is 
then rotated 45° to a locked position, as shown in FIG. 6C. 
The cut-out sections 62 remain in the diffuser 20, while the 
male connectors 32 are disposed beneath the extended por 
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tions 61. The cut-out sections 62 create Voids, such as chan 
nels 501 that are substantially aligned with the angled bores 
19a, which may provide a substantially laminar flow of gases 
from the longitudinal bore 19, into the large plenum 21, and 
the Small plenum 23. The process gases are then dispersed 
through a plurality of orifices 22 in the diffuser 20 during 
processing. It is to be noted that the orifices 22 continue in the 
region of the diffuser 20 that is occupied by the gravitational 
support 15, thereby providing an uncompromised flow of a 
gas or gases through the diffuser 20. 

FIG. 7 is a schematic view of another embodiment of the 
diffuser gravitational support 15. Shown is a longitudinal 
support block 50 with an extended bore 19b from the longi 
tudinal bore 19, in communication with the small plenum 23. 
The extended bore 19b may be optionally added to provide a 
greater Volume of process gas to the Small plenum 23, thereby 
increasing the Volume and flow of process gas to the process 
ing region 80 though the plurality of orifices 22 below the 
longitudinal support block 50. 

FIG. 8 is another embodiment of the diffuser gravitational 
support 15. In this embodiment, the longitudinal support 
block 50 has a longitudinal bore 19 that intersects with a 
plurality of transverse bores 19C. The longitudinal support 
block 50 has an annular void 33 in the lower portion 59 that is 
adapted to enlarge the area of the small plenum 23 within the 
diffuser 20. Also shown is a backing plate 28 having a cir 
cumferential chamfer 27 on its lower portion that is adapted to 
increase the Surface area of the large plenum 21. 
FIG.9A is a top view of an orifice ring 800. In this embodi 

ment, the orifice ring 800 consists of at least two parts, such as 
a first curved member 810 and a second curved member 820. 
The first curved member has at least one cavity 840 that is 
adapted to receive the shaft of a screw 830. The screw 830 
may have a threaded portion that may be received by a 
threaded cavity 850 in the second curved member 820. Other 
embodiments are contemplated such as an orifice ring 800 
that is one piece, or more than two pieces suitably joined and 
installed in the chamber. 
FIG.9B is a side view of the orifice ring 800 depicted in 

FIG.9A. The orificering 800 has an outer diameter 804, a first 
inner diameter 806, and a second inner diameter 808. The first 
inner diameter 806 is configured to surround the outer diam 
eter of the lower portion 59 of the longitudinal support block 
50. The second inner diameter 808 may be larger than the first 
inner diameter 806 and the respective inner diameters may be 
separated by an annular bevel 870. Also shown is a plurality 
oforifice ring holes 860 around a perimeter of the orifice ring 
800 below the annular bevel 870. 

FIG. 10A is a detail view of the diffuser gravitational 
support 15 similar to the embodiment depicted in FIG. 8 and 
incorporating the orifice ring 800. The orifice ring 800 has a 
first curved member 810 and a second curved member 820 
that surrounds the lower portion 59 of the longitudinal Sup 
port block 50. Each of the curved members have a plurality of 
orifice ring holes 860 around the outer perimeter that, in one 
embodiment, are adapted to Substantially align with the plu 
rality of transverse bores 19c. The orifice ring 800 provides a 
tuning aspect to the flow of a process gas or gases from the 
longitudinal bore 19 to the processing region 80. By varying 
the diameter of the holes 860, the gas flow may be restricted 
to the hole 860 diameter. Additionally or alternatively, the gas 
flow may be restricted by varying the alignment of the holes 
860 and the transverse bores 19C. 

For example, as a gas is flowed through the diffuser gravi 
tational Support 15, the gas may travel through the longitudi 
nal bore 19 and to the plurality of transverse bores 19C virtu 
ally unrestricted. The plurality of orifice holes 860 may be of 
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12 
a smaller diameter than the diameter of the plurality of trans 
verse bores 19c. The gas flowing from the transverse bores 
19C may be restricted by the orifice ring holes 860 and a 
portion of the gas may be caused to flow into an interstitial 
space 910. The gas in the interstitial space 910 may then travel 
downward through the channels 501 and into the annular void 
33, thereby supplementing gas flow through the orifice holes 
22 from the small plenum 23. Any flow that is not interrupted 
by the orifice ring 800 may travel through the orifice ring 
holes 860 into the large plenum 21. The orifice ring 800 may 
be positioned such that the portion of a gas flowing through 
the orifice ring holes 860 may impinge on the circumferential 
chamfer 27, thus redirecting a portion of gas or gases down 
ward. It is also contemplated by the invention that the orifice 
ring 800 may not form an interstitial space 910, e.g., the 
orifice ring may be manufactured with only one inner diam 
eter. Alternatively, or in combination, the lower portion 59 of 
the longitudinal support block 50 may contain an extended 
bore 19b to provide a flow path for a gas or gases to the small 
plenum 23. As has been described, the orifice ring 800 may be 
manufactured, positioned, and adjusted according to a gas 
flow rate or volume that is determined by the user. 

FIG. 10B is a detail view of the diffuser gravitational 
support 15 similar to the embodiment depicted in FIG. 4 and 
incorporating the orifice ring 800. The orifice ring 800 has a 
first curved member 810 and a second curved member 820 
that surrounds the lower portion 59 of the longitudinal Sup 
port block 50. Each of the curved members have a plurality of 
orifice ring holes 860 around the outer perimeter that, in one 
embodiment, are adapted to Substantially align with the plu 
rality of transverse bores 19c. In another embodiment, the 
orifice ring holes 860 may not fully align with the transverse 
bores 19c. In this embodiment, the orifice ring 800 may be 
rotated to further restrict gas flow from the transverse bores 
19C to the large plenum 21. 

FIG. 11A is a top view of another embodiment of a support 
member for Supporting a gas distribution plate within a cham 
ber. A backing plate 28 is shown having a plurality of bores 
1063 formed through a center area 1010. Each of the plurality 
of bores 1063 are adapted to receive a threaded support 1020, 
Such as a bolt, that is configured to mate with a corresponding 
mating portion in the diffuser 20. A diffuser 20, which is not 
shown in this view, is typically located below the backing 
plate 28. The diffuser 20 has dimensions substantially equal 
to the dimensions of backing plate 28. The diffuser 20 has a 
corresponding center area 1010 that is configured to allow 
any of the elements depicted in this Figure to mate with the 
diffuser 20. Although twelve bores in a symmetrical pattern 
are shown in this embodiment, the plurality of bores 1063 
may be of any pattern, number, and size in the backing plate 
28. Also shown is an opening 1048 in the backing plate 28that 
is adapted to receive a gas delivery system 1050 to supply a 
process gas orgases to diffuser20. The diffuser may also have 
an appropriate coupling point formed therein to receive the 
gas delivery system 1050. 

FIG. 11B is a top view of another embodiment of a diffuser 
gravitational Support for Supporting a gas distribution plate 
within a chamber. The embodiment is similar to the embodi 
ment shown in FIG. 11A with the exception of the threaded 
support 1020 pattern and the off center placement of the 
opening 1048. As in FIG. 11A, a diffuser 20 is not shown in 
this view but is typically located below the backing plate 28. 
The diffuser 20 has dimensions substantially equal to the 
dimensions of backing plate 28. The diffuser 20 has a corre 
sponding center area 1010 that may allow any of the elements 
depicted in this Figure to mate with the diffuser 20. 
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FIG. 12 is a partial schematic side view of a diffuser 20 
within a chamber 100. The chamber has a cover 16 with at 
least one opening 1048 in a center area that is adapted to 
receive a gas delivery assembly 1050. The gas delivery 
assembly 1050 is configured to receive a process gas orgases 
from a gas source 5 and deliver the process gas to a large 
plenum 21 through a bore 1019. The process gas may then 
travel through the plurality of orifices 22 in the diffuser 20 to 
a processing region 80. As in other embodiments, the diffuser 
20 is adapted to couple to a plasma source 24 to enable a 
plasma in the processing region 80. 
The chamber 100 has a plurality of threaded supports 1020, 

Such as bolts that extend through a first plate. Such as a 
backing plate 28, to a second plate, such as the diffuser 20. 
The gas delivery assembly 1050 may be integral to the back 
ing plate 28 or the backing plate 28 may be adapted to receive 
the gas delivery assembly 1050 through a bore-through 1070 
in the backing plate 28. The threaded supports 1020 may be 
fabricated from a material that exhibits high tensile strength 
and resists reaction with process chemistry Such as stainless 
steel, titanium, aluminum, or combinations thereof. The 
threaded supports 1020 may be made of any of the above 
materials and may further be coated with a process resistant 
coating Such as aluminum. The backing plate 28 has a plural 
ity of apertures 1030 formed therethrough in the center area. 
Each of the threaded supports 1020 is threaded and a portion 
of the threads are adapted to be received by a mating portion, 
such as female threads 1040, in the diffuser 20 that corre 
sponds with the plurality of apertures 1030 in the backing 
plate 28. The female threads are disposed in a suitable bore 
that does not interfere with the plurality of orifices 22 in the 
diffuser plate 20. Also shown is a tubular partition 1063 and 
cap plate 1065 that covers each tubular partition 1063. The 
cap plate 1065 enables access to the threaded supports 1020 
and together with the tubular partition 1063 provides a seal 
from ambient environment. The cap plate 1065 may be sealed 
by any known method. Such as a clamp ring 1066 over the cap 
plate 1065, and fastened by screws 1068 to the cover 16, with 
an O ring 1062 therebetween. It is to be noted that the gas 
delivery assembly 1050 in this embodiment is adapted to be 
static in its position in the chamber 100, and sealed from 
ambient atmosphere by any known methods. 

In operation, the threaded supports 1020 are inserted in the 
tubular partitions 1063, through the apertures 1030, and 
engaged to the respective female threads 1040 in the diffuser 
20. The threaded supports 1020 are rotated to adjust the planar 
orientation of the diffuser 20. In this embodiment, the center 
area of the diffuser 20 is limited in vertical movement by the 
backing plate 28, which is designed to exhibit a much higher 
tolerance to forces such as gravity, Vacuum, and heat. The 
backing plate 28 may yield to these forces, but not to the 
degree that may be experienced by the diffuser 20. In this 
fashion, the diffuser 20 may exhibit a deformation caused by 
the aforementioned forces, but the deformation is effectively 
tolled by the backing plate 28. It is also contemplated that the 
force parameters may be predetermined and any known 
deformation in the backing plate 28 and the diffuser 20 may 
be counteracted by the adjustment of the threaded supports 
1020. The diffuser 20 may be adjusted to allow partial defor 
mation, but the allowed deformation is stopped at a predeter 
mined point when the threaded supports 1020 reach a 
mechanical limit, such as contacting a stop, which in this 
example is a washer 1052. The threaded supports 1020 are 
coupled between the diffuser 20 and backing plate 28. The 
backing plate 28 is relatively thicker in cross-section than the 
diffuser20, thus providing a Substantially static Support point. 
The diffuser20 is more malleable relative to the backing plate 
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28 due to relative thickness and the perforations in the diffuser 
20 which allows adjustment of the diffuser profile by adjust 
ing the length of the threaded supports 1020. 

In another aspect, at least one adjustment member 1032, 
Such as a spacer may be used to maintain a static distance 
between the diffuser 20 and the backing plate 28, thereby 
using the threaded supports 1020 to lock the adjustment 
member 1032 in place. In this embodiment, the diffuser 20 
may be formed to exhibit a desired horizontal profile by 
varying a thickness of the at least one adjustment member 
1032. The at least one adjustment member 1032 may be 
thicker to form a convex horizontal profile to the center por 
tion of the diffuser 20 when installed, or thinner to form a 
concave horizontal profile. The threaded supports 1020 may 
then be rotated into the female threads 1040 to lock the 
adjustment members 1032 in place. Although only one 
adjustment member 1032 is shown, the invention is not lim 
ited to this and any number of adjustment members 1032 may 
be used, for example, each threaded support 1020 may have 
an adjustment member coupled thereto. When the adjustment 
members 1032 are used, the vertical movement of the diffuser 
20 is limited to any movement of the backing plate 28 when 
reacting to forces such as heat, pressure, and gravity. 

FIG. 13 is another embodiment of a support member for 
Supporting a gas distribution plate which, in this embodiment 
is a pivotal support 1300. The pivotal support 1300 may be 
used alone, or in combination with, the diffuser gravitational 
support 15. The pivotal support 1300 may also be used alone, 
or be used in combination with the threaded supports 1020. 
The pivotal support 1300 in this embodiment is positioned 
outward from the diffuser gravitational support 15 and is 
coupled to the diffuser 20 and the backing plate 28. The 
pivotal support 1300 comprises a ball stud 1302 adapted to 
couple with a ball stud housing 1304 coupled to the diffuser 
20 and an upper pivotal member 1306 coupled to the backing 
plate 28. The ball stud 1302 is an elongate member coupled on 
one end to a lower pivotal member 1308 and having a 
threaded portion 1310 on an opposing end. The ball stud1302 
may be machined as one piece with the lower pivotal member 
1308 or may be a bolt or rod screwed into or otherwise 
coupled to the lower pivotal member 1308. The upper pivotal 
member 1306 is adapted to engage with a support seat 1322 
formed in the upper Surface of the backing plate 28. A sealing 
block 1324 is adapted to couple to the upper surface of the 
backing plate 28 to house the upper portion of the upper 
pivotal member 1306 and to facilitate sealing the chamber 
interior from ambient environment. A cover cup 1326 is 
coupled to the upper surface of the backing plate 28 to cover 
exposed portions of the pivotal support 1300 and further 
sealing the chamber interior. In order to receive the pivotal 
support 1300, the backing plate 28 has a first bore 1328 below 
the support seat 1322 and an expanded bore 1330 configured 
to allow unobstructed movement of the ball stud 1302 and the 
ball stud housing 1304. 
The lower pivotal member 1308 is generally a spherical 

solid and the upper pivotal member 1306 is also spherical in 
shapehaving a central bore 1320 to receive the ball stud 1302. 
The lower pivotal member 1308 and upper pivotal member 
1306 are made of a material that exhibits mechanical strength 
with minimal reactivity to process chemistry. The ball stud 
1302 may be made of the same material as the material for the 
lower pivotal member 1308 and the upper pivotal member 
1306. The materials for the ball stud 1302, upper pivotal 
member 1306, or the lower pivotal member 1308 include 
stainless steel, titanium, or aluminum, and combinations 
thereof. If the elongated portion of the ball stud 1302 is made 
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of a material that exhibits some reaction with process chem 
istry, a tubular shield 1332 made of aluminum may be coupled 
to the ball Stud 1302. 

The lower pivotal member 1308 is adapted to couple to the 
ball stud housing 1304 and the ball stud housing 1304 is 
adapted to couple to the diffuser 20 by a coupling mechanism 
1312. The ball stud housing 1304 has a lower seat 1314 
coupled to a seat housing 1316, thereby housing the lower 
pivotal member 1308. The coupling mechanism 1312 in this 
embodiment is similar in design and function to the mating 
connection 60 described in FIGS. 5 and 6B-6C with the 
exception of being scaled down. The seat housing 1316 has a 
plurality of male connectors 1318 that selectively engage a 
plurality of slots (not shown) formed in the diffuser 20. The 
diffuser 20 has a plenum 1323 that facilitates process gas flow 
from the large plenum 21 to the processing region 80 through 
the plurality of orifices 22 formed below the pivotal support 
13OO. 

FIG. 14 is a detail view of the diffuser 20 coupled to the 
pivotal support 1300. Prior to coupling to the diffuser 20 as 
shown, personnel may assemble the ball stud housing 1304 
away from the backing plate 28 and the diffuser 20. To facili 
tate assembly, the diffuser 20 and backing plate 28 may be 
removed from the chamber and positioned for assembly. The 
ball stud 1302 may be coupled to the seat housing 1316 by 
inserting the elongated portion of the ball stud 1302 into a 
conical opening 1408 formed in the seat housing 1316. In 
order to house the lower pivotal member 1308, the lower seat 
1314 is inserted through a passage 1404 formed in a lower 
surface of the seat housing 1316. The lower seat 1314 and the 
seat housing 1316 are configured to mate by a threaded con 
nection 1402.The seat housing 1316 may have female threads 
and the lower seat 1314 may have male threads. The passage 
1404 is sized to allow the lower seat 1314 to pass therethrough 
and allow the threads to mate. The lower seat 1314 may be 
appropriately rotated until an upper portion of the lower seat 
contacts a shoulder 1406 formed in the seat housing 1316. 
The seat housing 1316 and the lower seat 1314 each have an 
inner Surface that is shaped to house and seat the lower pivotal 
member 1308 while facilitating pivotal movement of the ball 
Stud 1302. 
When the shoulder 1406 is contacted by the lower seat 

1314, a pin 1410 may be used to prevent the lower seat from 
backing off the shoulder 1406. When all of the ball studs 1302 
are coupled to the ball stud housings 1304, each of the ball 
stud housings 1304 may be inserted into slots formed in the 
diffuser 20 adapted to mate with the male connectors 1318. 
The ball stud housing 1304 is rotated 45° and may be stabi 
lized by a set screw 1412 inserted into a channel 1414 formed 
in the seat housing 1316. The channel 1414 has a lower 
portion that is threaded and mates with the threads on the set 
screw 1412. The set screw 1412 is appropriately rotated to 
contact a shoulder formed in the channel 1414. The set screw 
1412 is configured to extend beyond the threaded portion of 
the channel 1414 and the extended portion mates with a recess 
1416 formed in the diffuser 20, thus preventing further rota 
tion of the ball stud housing 1304. When all of the ball stud 
housings 1304 have been coupled to the diffuser 20 and 
locked by the set screws 1412, the diffuser 20 may be handled 
for further assembly and the ball stud housings 1304 may 
remain intact. 

FIG. 15 is a detail view of the pivotal support 1300 coupled 
to the backing plate 28. Subsequent to installation of the ball 
stud housing 1304 having the ball stud 1302 therein, the 
diffuser 20 may be joined to the backing plate 28. In this 
example, the backing plate 28 is and positioned upside-down 
outside of the chamber and the diffuser 20, having one or 
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more ball studs 1302 coupled thereto, is positioned upside 
down above the backing plate 28. Having the diffuser 20 in 
this position allows the threaded portion 1310 of the ball stud 
1302 to hang downward and allows personnel to insert the 
ball studs 1302 into the expanded bore 1330 and the first bore 
1328 until the threaded portion 1310 is exposed, and pro 
trudes through, the support seat 1322 formed in the backing 
plate 28. The upper pivotal member 1306 may then be 
installed by guiding the threaded portion 1310 through the 
central bore 1320. When the threaded portion 1310 protrudes 
through the central bore 1320, a nut 1516 may be coupled to 
the threaded portion 1310, thereby securing the upper pivotal 
member 1306 to the ball stud 1302. In another embodiment, 
the central bore 1320 of the upper pivotal member 1306 may 
include female threads and the threaded portion 1310 of the 
ball stud 1302 may couple to the upper pivotal member by a 
threaded connection. 

In one embodiment, an upper portion 1506 of the ball stud 
1302 has a reduced diameter portion 1504. The central bore 
1320 of the upper pivotal member 1306 has a portion that 
receives the upper portion 1506 and the reduced diameter 
portion 1504 facilitating vertical movement within the central 
bore 1320 until the upper portion contacts a shoulder area 
1508 formed in the upper pivotal member 1306. The shoulder 
area 1508 functions as a vertical limit for the ball stud 1302, 
thus stopping any vertical movement of the ball stud 1302 
during adjustment when the upper portion 1506 contacts the 
shoulder area 1508. The upper pivotal member 1306 also 
comprises at least one O-ring 1510 disposed in a recess 
formed in the upper pivotal member 1306 adapted to prevent 
escape of process gases from the chamber and to form a 
vacuum tight seal between the ball stud 1302 and the upper 
pivotal member 1306. The pivotal support 1300 also com 
prises an O-ring 1512 disposed in a recess formed in the 
backing plate 28 and facilitates prevention of process gas loss 
and vacuum sealing between the upper pivotal member 1306 
and the backing plate 28. The O-rings 1510 and 1512 may be 
made of suitable materials such as a polymeric or rubber 
material adapted to withstand process conditions. 

With a plurality of upper pivotal members 1306 coupled to 
the respective ball studs 1302 by nuts 1516, the diffuser 20 
and backing plate 28 are coupled together by a plurality of 
pivotal supports 1300. The diffuser 20 and backing plate 28 
may be positioned right-side up in a position that the diffuser 
and backing plate would take when installed into the cham 
ber. At this time the diffuser gravitational support 15 may be 
inserted into the support seat 51 (FIG. 5) and appropriately 
rotated to couple to the diffuser 20. Alternatively, the diffuser 
20 may employ a gas delivery assembly 1050 and a plurality 
of threaded supports 1020 (FIG. 12) may be coupled to the 
diffuser. 
The pivotal support 1300 also comprises a sealing block 

1324 that has a central opening 1502 to receive the threaded 
portion 1310 and nut 1516 of the ball stud 1302. The sealing 
block 1324 provides an upper support seat 1526 for the upper 
pivotal member 1306 is configured to allow the upper pivotal 
member 1306 to move unrestricted. The central opening 1502 
is configured to allow movement of the upper pivotal member 
1306 and the ball stud 1302 without the nut 1516 or optional 
washer 1526 contacting the sealing block 1324. The sealing 
block 1324 comprises at least one O-ring 1514 that provides 
a further seal between the backing plate 28 and ambient 
environment and is adapted to couple to the backing plate by 
a plurality of fasteners 1524, such as bolts. The sealing block 
also has an O-ring groove 1522 formed in an upper Surface. 

FIG. 16 is a detail view of another embodiment of the 
pivotal support 1300 coupled to the diffuser 20. A cover cup 
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1326 is shown coupled to an upper surface of the sealing 
block 1324 by a plurality of coverbolts 1602. The coverbolts 
may threadedly connect to corresponding holes formed in the 
sealing block 1324, or may extend through the sealing block 
1324 to appropriately threaded holes formed in the backing 5 
plate, in which case the plurality of cover bolts 1602 would 
use a different hole pattern in the backing plate 28 than the 
plurality of fasteners 1524 used to couple the sealing block 
1324. A cover O-ring 1604 made of a polymer or rubber may 
be disposed in the O-ring groove 1522 to provide further 
sealing of the pivotal support 1300 within the chamber. The 
cover cup 1326 also provides a cover area 1606 within the 
interior of the cover cup 1326 to allow unobstructed move 
ment of the threaded portion 1310 and the nut 1516. 

FIG. 17A is a top view of one embodiment of a backing 
plate 28 having a plurality of pivotal supports 1300 coupled 
thereto. A plurality of pivotal supports 1300 and a diffuser 
gravitational Support 15 are shown coupled to the backing 
plate 28 within a center area 1010. A diffuser 20, which is not 20 
shown in this view, is typically located below the backing 
plate 28. The diffuser 20 has dimensions substantially equal 
to the dimensions of backing plate 28. The diffuser 20 has a 
corresponding center area 1010 that may allow any of the 
elements depicted in this Figure to mate with the diffuser 20. 25 
Although eight pivotal supports 1300 in a symmetrical pat 
tern are shown in this embodiment, the pivotal supports 1300 
may be of any pattern, number, and size in the backing plate 
28. 

FIG. 17B is a top view of another embodiment of a backing 30 
plate 28 having a plurality of pivotal supports 1300 and at 
least one opening 1048 for a gas delivery system 1050. All of 
the elements may be located in a center area 1010, or alter 
natively, an alternative opening 1048a configured to receive 
an alternative gas delivery system 1050a may be coupled to 35 
the backing plate outside of the center area 1010. A diffuser 
20, which is not shown in this view, is typically located below 
the backing plate 28. The diffuser 20 has dimensions substan 
tially equal to the dimensions of backing plate 28. The dif 
fuser 20 has a corresponding center area 1010 that may allow 40 
any of the elements within the center area 1010 depicted in 
this Figure to mate with the diffuser 20. If the alternative gas 
delivery system 1050a is used, the diffuser will have a corre 
sponding coupling point formed therein adapted to receive 
the alternative delivery system. Although eight pivotal Sup- 45 
ports 1300 in a symmetrical pattern are shown in this embodi 
ment, the pivotal supports 1300 may be of any pattern, num 
ber, and size in the backing plate 28. 

FIG. 17C is a top view of another embodiment of a backing 
plate 28that is similar to the embodiments shown in FIG. 17B 50 
with the exception of adding a plurality of threaded Supports 
1020 in the center area 1010. A diffuser 20, which is not 
shown in this view, is typically located below the backing 
plate 28. The diffuser 20 has dimensions substantially equal 
to the dimensions of backing plate 28. The diffuser 20 has a 55 
corresponding center area 1010 that may allow any of the 
elements depicted in this Figure to mate with the diffuser 20. 
Although twelve threaded supports 1020 and eight pivotal 
supports 1300 are shown in a symmetrical pattern in this 
embodiment, the plurality of threaded supports 1020 and 60 
pivotal supports 1300 may be of any pattern, number, and size 
in the backing plate 28. Also shown is an opening 1048 in the 
backing plate 28 that is adapted to receive a gas delivery 
system 1050 to supply a process gas or gases to diffuser 20. In 
this embodiment, the diffuser will also have an appropriate 65 
coupling point formed therein to receive the gas delivery 
system 1050. An alternative gas passage 300 is also shown 
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and may be used to provide process gases to the diffuser 20 
alone or in combination with the opening 1048. 
The diffuser 20 is adapted to perform in processing tem 

peratures of about 350° C. to about 450° C. and, dependent 
upon the materials of the diffuser, portions of the diffuser 20 
may exhibit expansion and contraction during a process 
cycle. The various parts of the pivotal support 1300 and 
corresponding parts of the backing plate 28 allow for this 
expansion or contraction by permitting lateral movement 
1608 of the diffuser 20. The first bore 1328, the conical 
opening 1408 and the cover area 1606 allows clearance for 
movement of the ball stud 1302 while the expanded bore 1330 
allows clearance for movement of the ball stud housing 1304. 
Thus, lateral movement 1608 of portions of the diffuser 20 is 
permitted in response to any expansion or contraction 
encountered by the diffuser 20. In one embodiment, the piv 
otal support 1300 permits movement 1608 of portions of the 
diffuser 20 between about 0.25 inches to about 0.5 inches. 
The diffuser20 may be prone to sagging in specific areas to 

deform in a downward vertical direction, but if portions of the 
diffuser 20 move horizontally due to expansion or contrac 
tion, the same or other portions of the diffuser 20 may move 
vertically due to a radial path inherent in the design of the 
pivotal support 1300. Any upward vertical movement may be 
tolled by an upper surface 1610 of the expanded bore 1330 
which may act as a stop when the ball stud housing 1304 
contacts the upper surface 1610. Alternatively or additionally, 
a threaded upper pivotal member 1306 may be coupled to the 
ball Stud 1302. 

In another embodiment, the pivotal support 1300 may be 
adjusted with known deformations of specific areas of the 
diffuser 20 in mind that anticipates lateral movement and any 
vertical movement facilitated by the pivotal support 1300. 
This embodiment describes a method of supporting a diffuser 
inside a chamber using a plurality of Support members. Once 
the diffuser 20 is suspended from the backing plate 28 and the 
optional flexible suspension 57 at a specific height or distance 
above the substrate support 12 (FIG. 1), the diffuser gravita 
tional support 15 may be adjusted to a predetermined height 
and locked in position as described in the description of FIGS. 
5 and 6A. Based on the actual or desired distance between the 
substrate support and the portions of the diffuser 20 underly 
ing the pivotal supports 1300, the pivotal supports 1300. 
already installed as described in the description of FIGS. 14 
and 15, may need to be adjusted upward or downward by 
rotating the nut 1516 on the threaded portion 1310 of the ball 
stud 1302. When each portion of the diffuser 20 underlying 
each pivotal support 1300 is determined to be at a desired 
distance relative the substrate support 12, the nut 1516 on 
each threaded portion 1310 may be tightened and locked by a 
jam nut 1518. 

The distance between the substrate support and the diffuser 
may be set by personnel using a gauge or gauges to set and 
measure multiple areas between the diffuser and substrate 
Support. When these measurements are complete and the 
diffuserheight above the substrate support is determined to be 
satisfactory by adjusting the diffuser gravitational Support 15 
and the nut 1516 coupled to the threaded portion 1310 of the 
ball stud 1302, the nut 1516 may be loosened by appropriate 
rotation. This loosening of the nut 1516 may cause portions 
suspended by the respective pivotal support 1300 to drop, 
thereby shortening the distance between the diffuser and the 
substrate support at affected points. Once the nut 1516 is 
loosened a predetermined amount, the jam nut 1518 may be 
appropriately tightened against the nut 1516 to lock the nut 
1516 in place. The loosening of the nut 1516 and subsequent 
drop of the diffuser may be intentional to allow for known 
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expansive or contractive deformation of portions of the dif 
fuser. These portions, when Subjected to processing condi 
tions, may then be restricted in deformation in a downward 
direction by contact between the nut 1516 and the upper 
pivotal member 1306. The plurality of pivotal supports 1300. 
previously adjusted by personnel as described, may produce 
a horizontal profile of the diffuser that is any desired distance 
at any point relative to the Substrate Support during process 
ing. Alternatively, the diffuser 20 may be adjusted by any 
other method with or without regard to the horizontal profile 
of the substrate support 12. 

Alternatively, the loosening of specific nuts 1516 coupled 
to the threaded portion 1310 may not cause a drop in the 
diffuser 20 and the nut 1516 will not contact the upper pivotal 
member 1306. Once the nut 1516 is loosened a predetermined 
amount, the jam nut 1518 may be appropriately tightened 
against the nut 1516 to lock the nut 1516 in place. The diffuser 
20 may now beat the same height prior to loosening of the nut 
1516. The loosening of the nut 1516 may be intentional to 
allow for known expansive or contractive deformation of 
portions of the diffuser. These portions, when subjected to 
processing conditions, may then be allowed to deform verti 
cally downward until the respective nut 1516 contacts the 
upper pivotal member 1306. The plurality of pivotal supports 
1300, previously adjusted by personnel as described, may 
produce a horizontal profile of the diffuser that is any desired 
distance at any point relative to the Substrate Support during 
processing. 

All of the above methods of adjusting the diffuser profile 
may be performed, monitored, and adjusted under vacuum 
conditions by capping any inlets or outlets that are not needed 
in order to adjust the horizontal profile of the diffuser. For 
instance, the gas block 17 (FIG. 1), the gas passage 300, or the 
opening 1048 may be sealed and, in the embodiment employ 
ing the pivotal supports 1300, the sealing block 1324 may be 
coupled to the backing plate 28. Any other unused openings 
may also be sealed and the chamber can be pumped down to 
a Suitable pressure that may cause the backing plate 28 or 
portions of the diffuser20 to Sag. In one embodiment, a gauge 
orgauges may be used by personnel to monitor and adjust the 
height of the diffuser relative the substrate support at multiple 
points. In other embodiments, the diffuser profile may be 
adjusted by any method without regard to the horizontal 
orientation of the Substrate Support. Any adjustments may be 
performed by rotating adjusting members coupled to the dif 
fuser such as the diffuser gravitational support 15, the 
threaded supports 1020, and the nuts 1516 on the pivotal 
supports 1300. 
When all adjustments are made under vacuum or in ambi 

ent environment, and the diffuser exhibits a desired horizontal 
profile, or at a predetermined horizontal profile to anticipate 
known deformations, respective covers, such as the cover cup 
1326 and the cover 16, may be coupled to the chamber. Caps 
and seals that had been in place to facilitate negative pressure 
within the chamber during adjustment may be removed and 
the chamber may be readied for processing. 
An apparatus and a method for manipulating the cross 

sectional curvature or horizontal profile of a diffuser has been 
described. The diffuser may be manipulated to present a 
horizontal profile that is one of planar, convex, or concave. 
The horizontal profile of the diffuser may be adjusted relative 
a substrate support in a chamber. Not wishing to be bound by 
theory, if the substrate support exhibits a planar horizontal 
profile and the diffuser exhibits a horizontal profile that is 
similar, it is believed that process gases, such as silane and 
hydrogen, Supplied to the processing region will deposit 
amorphous silicon in greater proportion on the edges of the 
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substrate relative to deposition in the center area of the sub 
strate. In one embodiment, the Substrate Support may exhibit 
a planar orientation and the horizontal profile of the diffuser 
will be adjusted to be concave relative to the planar substrate 
Support to create a processing region below a center area of 
the diffuser that allows a greater Volume of process gas to be 
introduced above the substrate. It is believed that this process 
ing region having a greater Volume of process gas will pro 
mote more uniform deposition across the large area Substrate. 

While the foregoing is directed to embodiments of the 
present invention, other and further embodiments of the 
invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that follow. 
The invention claimed is: 
1. A substrate processing apparatus, comprising: 
a chamber, 
a backing plate coupled to the chamber and having at least 

one opening extending through the backing plate: 
a gas distribution plate disposable within the chamber and 

having a plurality of gas passages extending there 
through, the gas distribution plate spaced from the back 
ing plate to define a plenum therebetween; 

a ball Stud housing coupled with the gas distribution plate; 
and 

at least one pivotal Support member extending through the 
at least one opening in the backing plate and engaging 
the ball stud housing, the at least one Support member 
comprising: 
a ball stud; 
a lower pivotal member coupled to the ball stud; and 
an upper pivotal member coupled to the ball stud. 

2. The apparatus of claim 1, wherein at least a portion of the 
gas distribution plate is Supported at a perimeter by a flexible 
connection coupled to the chamber. 

3. The apparatus of claim 1, the chamber further compris 
1ng: 

a Substrate Support having a planar horizontal profile, the 
Substrate Support disposed below the gas distribution 
plate, and the gas distribution plate having a concave 
horizontal profile. 

4. The apparatus of claim 1, the chamber further compris 
1ng: 

a gas passage to deliver a process gas to the gas distribution 
plate. 

5. The apparatus of claim 1, the gas distribution plate 
further comprising: 

a first Surface and a second Surface opposite the first Sur 
face, wherein at least one of the plurality of gas passages 
extending therethrough has a first diameter at the first 
Surface that is less than a second diameter of the at least 
one gas passage at the second Surface. 

6. A substrate processing apparatus, comprising: 
a chamber body; 
a gas distribution plate disposed within the chamber body, 

the gas distribution plate having a first: Surface and a 
second Surface opposite the first Surface, the gas distri 
bution plate having a plurality of gas passages extending 
therethrough with at least one gas passage having a first 
diameter at the first Surface that is less than a second 
diameter of the at least one gas passage at the second 
Surface, the gas distribution plate also having at least one 
slot formed in the first surface that is separate and dis 
tinct from the plurality of gas passages; 

a ball stud housing disposed in the at least one slot; 
a backing plate having at least one opening extending 

therethrough that is axially aligned with a corresponding 
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slot in the first Surface, the backing plate spaced from the 
gas distribution plate to define a plenum therebetween; 
and 

at least one pivotal Support member disposed through the at 
least one opening and coupled to the backing plate and 5 
the ball Stud housing, the at least one pivotal Support 
member movable to adjust a spacing between the first 
Surface and the backing plate, the at least one pivotal 
Support member comprising: 

a ball stud; 10 
a lower pivotal member coupled to the ball stud; and 
an upper pivotal member coupled to the ball stud. 
7. The apparatus of claim 6, further comprising a substrate 

support disposed in the chamber body having a planar hori- is 
Zontal profile, the Substrate Support disposed below the gas 
distribution plate, and the gas distribution plate having a 
concave profile. 

8. The apparatus of claim 6, wherein the backing plate has 
a gas passage disposed through the backing plate to deliver a 
process gas to the gas distribution plate. 

9. The apparatus of claim 6, wherein the at least one pivotal 
Support member comprises a plurality of Support members. 

10. A substrate processing apparatus, comprising: 
a chamber body; 
a gas distribution plate disposed within the chamber body, 

the gas distribution plate having a first Surface and a 
second Surface opposite the first Surface, the gas distri 
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bution plate having a plurality of gas passages extending 
therethrough with at least one gas passage having a first 
diameter at the first Surface that is less than a second 
diameter of the at least one gas passage at the second 
Surface; 

a ball stud housing disposed in the at least one slot; 
a backing plate having at least one opening extending 

therethrough, the backing plate spaced from the gas 
distribution plate to define a plenum therebetween; and 

at least one pivotal Support member disposed through the at 
least one opening and coupled to the backing plate and 
the ball Stud housing, the at least one pivotal Support 
member movable to adjust a spacing between the first 
Surface and the backing plate, the at least one pivotal 
Support member comprising: 
a ball stud; 
a lower pivotal member coupled to the ball stud; and 
an upper pivotal member coupled to the ball stud. 

11. The apparatus of claim 10, further comprising a sub 
strate Support disposed in the chamber body having a planar 
horizontal profile, the substrate support disposed below the 
gas distribution plate, and the gas distribution plate having a 
concave horizontal profile. 

12. The apparatus of claim 10, further comprising a gas 
passage disposed through the backing plate to deliver a pro 
cess gas to the gas distribution plate. 
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